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21
There is currently an increasing demand for neutron instruments, at which 22 the resolution can be adjusted, in particular towards high-resolution setups. The 1 or spoil some fraction of the dataset and thereby lengthen the measurement time, if a contaminated part of a subframe has to be removed from the later data analysis.
wavelengths, respectively. The instrument length and the waveband width are 76 related through the source period T:
where h is Planck's constant and m n is the neutron mass. In addition, it 78 is important to decide on the loosest wavelength resolution R max = (δλ/λ) max 79 in the WFM regime. Once these parameters are given, then the distance D =
80
L 0 × (δλ/λ) max between the two choppers, the number of windows, their sizes 81 and offsets with respect to each other can be calculated (see Fig. 1 
where L 1 (L 2 ) is the position of the first (second) PSC chopper. Higher reso-
86
lutions are then achieved by reducing the distance between the two choppers [1] .
88
The design of the chopper windows starts by calculating the time t 
where
Note that λ min is not the shortest wavelength 100 that gets transmitted through the PSC (see Fig. 1 ), but is the shortest wave-101 length for which the created pulse length δt corresponds to the resolution R max . ESS liquids reflectometer (instrument I ) (see Table 1 ) are used in the most of The units on the z-axis are arbitrary and correspond to the phase space density. Without any pulse shaping, the phase space is linearly correlated and has the ESS pulse width of 2.86 ms for each wavelength. After pulse shaping, the phase space is divided into three subframes, with the width δt(λ) corresponding to the design resolution. functions for the opening and closing time is:
where L i is the distance between the Chopper i and the source, v(λ) = 
The inclusion of FOCs restricts parts of the phase space transmitted through 155 the PSCs (Fig. 3) . This leads to a reduced transmission for wavelengths be- neutronic Monte-Carlo (MC) simulations, described in the following section. : Illustration of the neutron pulse structure used in the analytical study and MC simulations. While in the analytical study the opening and closing time of choppers were assumed to be infinitely small and thus the pulse was a perfect rectangle with a width of ∆t(λ), the finite guide size and chopper rotation speed lead to a trapezoidal shape of the pulse. Its full width at half maximum (FWHM) is smaller than the pulse duration ∆t, since in this work the points in time at which pulse starts and ends in the MC simulation were decided to exactly coincide with those from the phase space study. pulses, which deviate from the idealised rectangular shape (see Fig. 7 ). This 225 has an effect on the achieved wavelength resolution (Fig. 8) and overall neu-226 tron flux (Fig. 9) . As far as the resolution is concerned, in order to achieve 227 the desired value either the distance between the discs of the PSC needs to be Measured time resolution at the detector position as a function of wavelength, which was calculated using both the total pulse duration tmax − t min (λ) and its FWHM (see also Fig. 7 ). As expected, the total pulse duration agrees well with analytical results while for the FWHM calculation the trapezoidal shape of the pulses due to finite guide geometry and chopper rotation speed comes into play. 
